Objectives: To measure the horizontal corneal diameters in infants at birth and compare with values reported in other studies. Design: A cross-sectional hospital based study. Subjects: All the healthy infants born within the period of one month in these hospitals were eligible for enrolment into the study. Horizontal corneal diameter measurements were performed with indirect caliper in both eyes of each of the 342 healthy full term infants and 25 preterm healthy infants born in these two hospitals. These results were evaluated according to the age of the infants Results: The corneal diameter in term infants was found to range from 9.00 mm to 12.50 mm during the first week of life with a mean of 10.26 mm (SD ± 0.59 mm, n = 64). This is higher than what was reported for Caucasian infants (P < 0.01). Mean horizontal corneal diameter in all male infants aged 1-238 days was 11.06 mm (SD 0.75 mm, n = 187), slightly higher than 10.93 mm (SD 0.22 mm, n = 154) in all females, though this difference was not statistically significant. Horizontal corneal diameter increased progressively with age, from a mean value (SD) of 10.26 mm (0.72) to a mean value (SD) of 12.0 mm at 34 weeks of age. There was no significant difference in the mean corneal diameter of the right and left cornea. A few infants had corneal diameters of 12.50 mm and had no congenital glaucoma. Mean corneal diameter in preterm infants less than 37 weeks of gestation was 8.90 mm at birth (SD 1.25 mm, n = 25). Conclusion: The horizontal diameter increased with age from birth to the 34 weeks of age. Changes after this period were not studied. The values obtained in these African infants were slightly higher than those reported from other populations.
INTRODUCTION
Corneal diameter measurements are done in the evaluation of children born with corneal anomalies and in particular the diagnosis and management of congenital glaucoma. In congenital glaucoma, deviations from normal in corneal diameters, in additional to other specific ocular features are diagnostic of the disease. The standard corneal diameters in infants at birth and its relation to gestational age remain unknown among African children. The standard measurements known and used for African children are those obtained in Caucasians. However, general and ocular biometric measurements suggest that there are racial variations, for example in birth weights, infant length, ocular axial length, corneal curvatures in children and adults and regional variations in the incidence of congenital glaucoma exists (1) (2) (3) (4) . There is therefore a need to obtain these measurements in African infants and children.
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Owing to the potential diagnostic importance of corneal diameter measurement, the present study was undertaken as a preliminary study to a larger one, which aims at finding normal values of corneal diameter in Nigerian infants, and comparing results with known values.
MATERIALS AND METHODS
This was a cross-sectional study carried out at two high volume maternity hospitals within Ibadan. Measurements of corneal diameters in infants born at Adeoyo State Hospital and Oluyoro Catholic Hospital Ibadan between March 5 th 1993 and April 4 th 1993 were carried out. These hospitals give secondary level care to patients and they refer highrisk pregnancies or babies to the tertiary centers. Users of these hospitals are from the low and middle level income groups and are about 72% Yorubas. The rest are from the other tribes in Nigeria, predominantly Ibos and Hausas. A large proportion of deliveries (approximately 55%) in the city of Ibadan takes place in these hospitals.
All the healthy babies delivered with no abnormalities within the specified period formed the study population and were examined. Babies who were not examined before discharge from the wards were traced to the postnatal clinic where they were examined and corneal measurements were taken. Exclusion criteria included neonates born to mother with antenatal problems known to cause intrauterine growth retardation, stillbirths, multiple pregnancies and neonates with major congenital malformation. As a routine, birth-weight were measured within an hour of birth by trained staff, using standard scales which were corrected daily for zero error. The gestational age of the baby was based on the last menstrual period obtained from antenatal records. For the purpose of descriptive analysis, their ages were grouped into the following categories 1-7 days, 8-14 days, 15-30 days, 31-90 days, 91-180 days, 181-238 days. The duration of labour and mode of delivery were noted. The baby data recorded included the birth-weight in kilogramme and the sex of the infant.
A general examination was carried out by one of the authors OJA, a paediatrician, to exclude babies with any congenital malformations from the study and to note any ocular trauma. Thereafter, the horizontal corneal diameter measurements and weights of the babies were taken after the general examination. Therefore, all eligible infants had their measurements taken at the maternity wards or the postnatal clinic.
The horizontal corneal diameters were measured by one of the authors AOA, an Ophthalmologist using an indirect caliper. The horizontal corneal diameters were measured from white to white ensuring the instrument does not touch the globe. The reading was taken from the head end and behind the infant. The observer made three readings of each eye. The mean of the readings gave the corneal diameter for each eye. The presence of other obvious anomalies of corneal, pupil, anterior chamber and systemic abnormalities were noted. Ethical clearance was obtained from the hospital Ethical Review Board. Informed consents were obtained from the parents.
The data were entered onto a standardized form, checked for errors and entered into a personal computer. Statistical analysis involved calculation of mean and standard deviations. Mean corneal diameters were correlated with sex and age. The level of significance was set at p-value of 0.05.
RESULTS

From March 5
th 1993 to April 4 th 1993, a total of four hundred and fifty nine live births were delivered at the Adeoyo Hospital and Oluyoro Catholic Hospital in Ibadan. Of these, twenty six (5.7%) were excluded from the study because of maternal and neonatal conditions such as multiple pregnancy, eclampsia, anaemia and neonatal asphyxia. Therefore, four hundred and thirty three infants formed the study population. Out of these, three hundred and sixty eight infants were examined representing 85.0% of eligible babies participating in the study. The rest were discharged within 24 hours of delivery and did not turn up for postnatal clinic despite attempt by social workers to trace them and invite them to the postnatal clinic.
Out of those available for examination, 25 (6.8%) were preterm infants delivered between 28 weeks to less than 37 weeks of gestation and 343 (93.2%) were full term infants. Thus a total of 368 infants made up of three hundred and forty three full term and 25 preterm infants were examined.
All were healthy at the time of examination except a female full term infant who had hazy cornea in one eye and was therefore excluded from the study. The infant excluded did not have congenital glaucoma. Of the remaining 342 full term infants, 155 (45.3%) were females, while 187 (54.7%) were males. Their ages at the time of examination ranged from one day to 238 days (mean = 63 days ± SD). The mean birth-weight was 3.04 kg ± 0.54 kg (n = 342). Males had a higher mean birth-weight of 3.10 kg ± 0.59 kg compared to 2.96 kg ± 0.41 kg in females. Table 1 shows increase in horizontal corneal diameter with increasing age in the right and left cornea. The mean corneal diameter in the right eyes ranged from 10.26 mm among infants in the first week of life to 12.0 mm among those aged 181-240 days. This increasing trend was statistically significant (p<0.01).
There was no statistically significant difference between corneal diameter measurements of male and female infants, nor was there any difference in mean values of the right and left eyes.
Mean corneal diameter in full term males was 11.06 + SD 0.75 mm (n = 187) range 9.00 mm to 12.50 mm). Mean corneal diameter in full term female infants was 10.93 mm + SD 0.72 mm, (n = 155). Range was from 9.50 mm to 12.50 mm ( Table 2 ). The mean corneal diameter of preterm infants ranged from 8.90 mm to 10.97 mm. The mean corneal diameter of these preterm infants was less than the mean corneal diameter in full term infants, increased in boys and girls with age and was slightly higher in males than females preterm infants, although the difference was not statistically significant (Table 3) . Figure 1 shows the relationship between mean corneal diameter by age and sex in the study population. Corneal curvatures, axial lengths are important variables that determine growth of infant's eye. Although more information could be obtained from corneal curvatures and axial length, these measurements need equipments and expertise of their use in children. Corneal diameter measurements require simpler tools and this preliminary study generated values for a few preterm infants and more full-term infants born within a defined period in two African hospitals which should be useful in evaluating infants with corneal problems. However, the small number of infants studied limits generalisation of the values obtained, but the experience should help in planning a larger study. The results of the study showed the increase in corneal size with increasing age, with a mean value of 10.26 mm in the first week of life to a mean value of 12.0 mm a 34 weeks of age. Slight differences exist between males and females; males have slightly higher values than females. These differences however were not statistically significant. The increase in corneal diameter with age had been similarly found in other population (11, 12 ) but a slight difference was found between the mean cornea diameter of African infants and those reported in the literature (11, 12) .
Three reasons can be adduced for the slightly higher value obtained in the children studied here. It could be due to differences in study methodology such as the measurement techniques, sample size and maternal/baby characteristics.
The first is the methodology of measurements, there being four readily available methods for measuring corneal diameter as follows (a) placing a ruler near the eye or nose, (b) indirect caliper reading from cornea, (c) using slit lamp attachment and (d) photographic measurements. The latter two methods are non-invasive and permanent records are kept but the costs could be too high in a developing country. Besides, it has been documented that the photographic measurements correlate well with standard caliper measurement (5). The indirect caliper measurements are often used in infants after topical anaesthetic instillation or sometimes general anaesthesia. While this may be necessary if the caliper was made to touch the globe, the use of anaesthetic was found unnecessary in this study because the globe was not touched during measurements. Vertical corneal diameters would have been more technically difficult without a topical anaesthetic agent though, horizontal corneal diameter was measured in this study. Millimeter ruler measurements are not considered as accurate but are safe but the caliper measurement, carefully used by an ophthalmologist is also safe (5) . No problems were encountered while using this method in the present study. Inter-observer error was minimised because one investigator took the three measurements, and the readings averaged.
Secondly, the differences could also be due to the small sample size. The infants studied herein may not be representative of the whole population of newborns, though they do have similar characteristics with those previously reported in Nigeria in terms of birth-weights and other maternal characteristics (3, 4, 6, 8) hence corneal data of this study population should be close to that on Nigerian newborns.
The mean birth-weight for full term infants was observed to be 3.04 ± 0.54 kg. Males had a higher mean birth weight of 3.10 ± 0.59 kg compared with 2.96 ± 0.41 kg for females (p < 0.01). However these values (Table 4 ) although similar to the mean birth weights reported in Nigeria (3, 4, 6) is lower than that for Caucasian newborns (13) . These differences in birth weight distributions are known to be due to a difference in the socioeconomic status and anthropometric parameters in the communities studied.
The method of ascertaining gestational age by history and physical examination may however lead to erroneous calculations of gestational age since majority of mothers do not know for sure their last menstrual period. As expected mean birth weight in preterm infants was much lower than in full term infants.
The maternal and birth-weight characteristics in the infants studied here differ from those of Caucasians (9) . This may partly explain the differences in corneal diameter in the infants studied here and the reported values.
The average horizontal corneal diameter reported in literature is 9.5 mm to 10.5 mm in the newborns (11, 12) . By one year of age normal corneal diameter is expected to vary from 10.0 mm to 11.5 mm (12) . The cornea grows slowly to reach an adult size of 12 mm by two years of age. It has been suggested that children with corneal diameter larger than 12.0 mm should be suspected to have glaucoma (12) . In this series, a few of the infants had horizontal corneal diameter value of 12.50 mm but did not have congenital glaucoma at the time of examination. It could not be established that they did not develop glaucoma later on in life as there was no follow-up. Follow-up and serial measurements in this series of babies could have provided such information. These measurements shall be included in the future studies.
The slight differences in corneal diameter with sex could be due to the differences in weight found in the two groups. Male infants weighed more than female infants.
Differences in birth-weight are modified by known variables such as maternal age, haemoglobin concentration and parity among others. These factors
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could contribute to the differences between the results obtained in this study and others. Africans have higher rates of low birth-weights and preterm delivery than Caucasians and in this study, the corneal diameter measurement does differ slightly from values reported. Whether such differences are related to birth parameters, genetic or environmental factors still need to be further studied.
In conclusion, the mean horizontal corneal diameters of infants studied in this series are slightly larger than reported corneal diameters (P < 0.01). The corneal diameters in preterm infants are smaller than in full term infants. In these Nigerian infants as in infants of other population, corneal diameter increases with age from birth. This preliminary study, gives some information on the corneal diameter in Nigerian African infants. Although the study population is not large, the results are interesting enough to undertake a larger population study.
